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Abstracts / Osteoarthritis and Cartilage 22 (2014) S57–S489 S175Results: Of 387 enrolled patients 5 were excluded due to poor quality or
radiographs > 6 months leaving 382 TJR cases for inclusion. Follow-up
was complete for >95% of patients. The mean (SD) age was 68.9 (9.3)
years, 61% were female and the mean BMI was 29.9 (9.0). The change in
HHS pain scores from baseline was 27.1 (9.6) at 1 year and 27.1 (9.5) at 2
years. When painwas dichotomised into 2 groups based on theMCID (
5 points), 96% of patients demonstrated a clinically meaningful
improvement in pain at 1 and 2 years. The change in function scores
from baseline was 16.2 (10.9) and 15.9 (11.8) at 1 and 2 years. When
function was dichotomised into 2 groups based on the MCID ( 6
points), 81% and 78% of patients demonstrated a clinically meaningful
improvement in function at 1 and 2 years. Regression analysis dem-
onstrated signiﬁcantly lower odds of a clinically meaningful improve-
ment in pain and function for patients with less severe baseline
radiographic changes, when compared to severe changes, (mK-L 4b).
Conclusions: We have demonstrated an inverse relationship between
the severity of pre-operative radiographic changes and improvement in
pain and function at 1 and 2 years in people undergoing primary THR
for OA, and suggest that this has important clinical implications for
patient selection.
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FEATURES ASSESSED ON MAGNETIC RESONANCE IMAGES IMPROVE
PREDICTION OF TOTAL KNEE ARTHROPLASTY IN SUBJECTS WITH
SYMPTOMATIC RADIOGRAPHIC KNEE OSTEOARTHRITIS: DATA
FROM THE OSTEOARTHRITIS INITIATIVE
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Purpose: Features assessed on magnetic resonance images (MRIs) of
the knees, including cartilage volume (CV), bonemarrow lesions (BMLs)
and synovial effusion, are associated with pain and structural pro-
gression in subjects with knee osteoarthritis (OA). Few studies, how-
ever, have examined the association of MRI ﬁndings with total knee
arthroplasty (TKA) or estimated the ability of MRI ﬁndings to improve
prediction of TKA over and above routine demographic, clinical and
radiographic parameters.
Methods: Data from the “Progression” subcohort of the Osteo-
arthritis Initiative (OAI) were analyzed. Subjects included in these
analyses were aged 45 to 79 years and had symptomatic radio-
graphic knee OA (deﬁned as pain on most days of at least one
month during the past year AND a deﬁnite tibiofemoral osteophyte
in the same knee) in one or both knees at baseline; had at least
one annual follow-up visit; had all available knee radiographs from
the baseline through their 48-month follow-up visit centrally read
for Kellgren-Lawrence (KL) grade by trained readers; and had
baseline knee MRIs analyzed for CV at the femoral condyle and
tibial plateau (mmx), presence of BMLs in the femoral condyles, and
synovial ﬂuid (SF) volume (mmx) using fully automated quantitative
methodology developed by ArthoLab Inc. (Montreal, Quebec, Can-
ada). Fixed-ﬂexion posterior-anterior knee radiographs and knee
MRIs were obtained using standard protocols with a SynaﬂexerTM
platform and 3.0T Siemens magnets, respectively. TKA was self-
reported at annual follow-up visits through 72 months and vali-
dated with medical records. Base knee-speciﬁc multiple variable
Cox proportional hazards models were constructed with the fol-
lowing variables from the OAI baseline visit (age, gender, race,
marital status, body mass index, depressive symptoms, KOOS
quality of life scores, pain on motion and effusion on physical
examination and KL grade) as independent variables and time to
TKA as the dependent (outcome) variable. Improvement in pre-
diction of TKA was assessed by examining the improvement in the
likelihood ratio when CV, presence and size of BMLs and logSF
volume were added individually and together to the best base
models. Finally, change in area under the receiver operating char-
acteristic curve (AUC) was calculated from logistic regression
models further adjusted for follow-up time.
Results: Of 1390 subjects enrolled in the "Progression" subcohort, 1024
and 982 subjects with symptomatic radiographic knee OA involving the
right and left knees, respectively, had complete data and were included
in these analyses. There were a total of 81 (8.0%) and 83 (8.4%) TKAs in
the right and left knees, respectively, among these subjects during 72months of follow-up. In knee-speciﬁc bivariate Cox proportional haz-
ards models, medial compartment CV (P < 0.05), size of BMLs in the
medial femoral condyle (P < 0.0001) and logSF volume (P < 0.0001)
were signiﬁcantly associated with TKA in both knees. After addition of
these MRI features individually to the best base knee-speciﬁc models,
however, only size of BMLs (P ¼ 0.02 in both knees, respectively) and
logSF volume (P ¼ 0.02 in both knees) were signiﬁcantly associated
with TKA. Furthermore, size of BMLs and logSF volume remained sig-
niﬁcantly associated with TKA when all 3 MRI features were added to
the best base model. The improved prediction based on change in AUC,
however, was minimal with an increase from 0.86 to 0.87 in both knees.
Conclusions: These data suggest that some MRI ﬁndings, particularly
BMLs and SF volume, minimally improve the prediction of receiving a
TKA in subjects with symptomatic radiographic knee OAwhen added to
demographic, clinical and radiographic variables.
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Purpose: Crepitus is a common complaint in the clinical setting, but it is
unclear whether it is a harbinger of incident knee osteoarthritis (OA). The
objective of this study was to evaluate whether there is an association
between crepitus and incident radiographic and symptomatic knee OA.
Methods: We performed a person-based longitudinal study evaluating
the right knee only using data from the Osteoarthritis Initiative (OAI),
speciﬁcally focusing on those without radiographic OA (ROA) at base-
line. At the time of OAI enrollment, participants were 45 to 79 years of
age. At OAI baseline, 12-, 24-, and 36- month visits, crepitus frequency
(never, rarely, sometimes, often, and always) was assessed using
question 2 of the KOOS symptoms questions, “Do you feel grinding, hear
clicking or any other type of noise when your knee moves?” Knee-
speciﬁc frequent pain question (“During the past 12 months, have you
had pain, aching, or stiffness in or around your right knee on most days
for at least one month? By most days, we mean more than half the days
of a month.”) and postero-anterior knee radiographs were taken was
administered at the OAI baseline, 12-, 24-, 36-, and 48- month visits. An
afﬁrmative response to the frequent knee pain question was used to
deﬁne presence of symptoms (Sx). Central readers assessed radio-
graphic OA severity, Kellgren and Lawrence (KL) grade (0-4). We per-
formed a time varying analysis using generalized estimating equations
(GEE) to adjust for correlations within person observations over time
where the predictor was crepitus frequency at baseline, months 12, 24,
and 36 and the outcome was incident right knee tibiofemoral (TF)
radiographic OA (ROA), deﬁned as a KL > 2 twelve months after the
crepitus assessments. Each participant could contribute up to 4 obser-
vation periods. Once a participant developed incident TF ROA, he/she
was censored from the analysis. The adjusted model included age, sex,
and body mass index (BMI) as covariates. We repeated the analyses
with symptomatic ROA (SOA), meaning that the right knee had to have
both Sx and ROA present, as the outcome including all those who did
not have SOA at baseline.
Results: For the incident ROA analyses, 2468 people were included
contributing 7797 observations with a mean age of 59.8 (9.1) years,
mean BMI of 27.6 (4.5) kg/m z, 44% were male. Crepitus frequency
prevalence for the responses none, rarely, sometimes, often, and always
was 4993 (64%), 859 (11%), 1217 (16%), 494 (6%), 234 (3%) respectively.
For the incident SOA analyses, 3599 people were included contributing
10840 observationswith a mean age of 61.1 (9.3) years, mean BMI of
28.2 (4.7) kg/m z, 42% were male. Crepitus frequency prevalence for the
responses none, rarely, sometimes, often, and always were 7058 (65%),
1176 (11%), 1634 (15%), 605 (6%), 367 (3%), respectively.
Subjective crepitus predicted incident radiographic (Table 1) and
symptomatic TF OA (Table 2).
Conclusions: Subjective knee crepitus strongly predicts subsequent
development of radiographic and symptomatic TF OA. This clinical
feature therefore offers utility for identiﬁcation of at-risk individ-
uals and predictive modeling, and for clinical and epidemiologic
research.
Table 1
Associations of crepitus with incident tibiofemoral ROA.
N ¼ 7797 observations ¼ 2468 people Incident ROA Unadjusted Odds Ratio for Incident ROA Adjusted Odds Ratio for Incident ROA y
Crepitus Frequency Never 120/4993 (2.4%) Ref Ref
Rarely 26/859 (3.0%) 1.3 (0.8–2.0) 1.3 (0.8–2.0)
Sometimes 38/1217(3.1%) 1.3(0.9–1.9) 1.3(0.9–1.9)
Often 17/494 (3.4%) 1.5 (0.9–2.4) 1.5 (0.9–2.5)
Always 13/234 (5.6%) 2.4(1.3–4.4) 2.4(1.3–4.5)
P for trend ¼ 0.0037 P for trend ¼ 0.0073
yasadjusted for age, sex, and BMI.
Table 2
Associations of crepitus with incident tibiofemoral SOA. .
N ¼ 10840 observations ¼ 3599 people Incident SOA Unadjusted odds ratio for incident SOA Adjusted odds ratio for incident SOAy
Crepitus Frequency Never 277/7058 (3.9%) Referent Referent
Rarely 70/1176 (6.0%) 1.5(1.2–2.0) 1.6(1.2–2.1)
Sometimes 106/1634 (6.5%) 1.7(1.3–2.1) 1.8(1.4–2.3)
Often 47/605 (7.8%) 2.0(1.5–2.8) 2.2 (1.6–3.1)
Always 37/367(10.1%) 2.7(1.9–3.9) 2.9(2.0–4.3)
p for trend < 0.0001 p for trend < 0.0001
yAdjusted for age, sex, and BMI
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Purpose: Posterior cruciate ligament (PCL) rupture is a serious injury
that is associated with joint instability, structural changes in articular
tissues, and with a markedly elevated risk of incident knee OA.
Although the rate of knee cartilage and thigh muscle loss has been
described for various stages of radiographic knee OA, and also after
anterior cruciate ligament (ACL) injury, quantitative changes in cartilage
and thigh muscle tissue after PCL rupture and reconstruction have not
been previously reported. Detailed knowledge on such changes may be
useful as a model of “early OA”, and in monitoring the success of
therapeutic intervention by surgery, medication and/or physiotherapy.
Methods: 20 participants with PCL and other concomitant ligament
injuries, and consecutive reconstructive surgery, were examined. Sagittal
high-resolution MR images (3D VIBE) of the injured knee, and axial
images (T1w SE) of both thighs were acquired between 4-15 (8.63.2)
years after PCL surgery. 15 participants (12 men, 3 women; age 38.79.5
yrs.) also had a follow-up exam 40761 days later, using the same MRI
scanner and imaging sequence. Manual segmentation of the knee carti-
lages (medial and lateral tibia, medial and lateral weight-bearing femoral
condyle, patella, and femoral trochlea), and of the quadricepsmuscle, was
performed using proprietary software. From these segmentations, the
cartilage thickness was computed at baseline and follow-up, side differ-
ences in muscle anatomical cross sectional areas (ACSAs) at baseline, and
the annualized longitudinal rate of change in the above measures.
Results: The femorotibial cartilage loss was -204mm (-2.6%) p.a. [95% CI:
-301, -108mm] and that in the femoro-patellar joint -132mm (-2.9) p.a.
[95% CI -194; -69). The thickness changes were greater in the medial
than in the lateral femorotibial plates, and greater in the patella than in
the femoral trochlea (Table 1). At a subregional level, the greatest rates
of femorotibial cartilage loss were observed in the internal subregionsTable 1
Rate and sensitivity of change of cartilage thickness loss in the knee after PCL rupture
Cartilage Plate (Label) Mean change absolute M
Medial tibia (MT) 69  76mm 
Medial femur (cMF) 70  60 mm 
Lateral tibia (LT) 32  85 mm 
Lateral femur (cLF) 33  36 mm 
Patella (P) 85  68 mm 
Trochlea (Tr) 47  62 mm of the medial and lateral tibia (-132mm/-93mm respectively), and in the
internal aspects of the medial and lateral femoral condyles (-82mm/-
37mm). At baseline, limbs with PCL injury had -3.54.:8cm2 (-4.77.5%)
lower quadriceps ACSAs than contra-lateral limbs, and the side differ-
ences showed a weak association with time after injury (r ¼ -0.22 [95%
CI -0.60;0.25]. No signiﬁcant change in quadriceps ACSA was observed
during the 1-year observation period, neither in PCL (p ¼ 0.81) nor in
contralateral knees (p ¼ 0.45).
Conclusions: Large rates of annual knee cartilage losswere observed after
PCL rupture and reconstruction. These rates were greatest in the medial
femoro-tibial compartment (particularly in the internal subregions), and
in the patella. The observed rates of change exceed those typically seen in
kneeswithadvancedkneeosteoarthritis, i.e. kneeswith radiographic joint
space narrowing (KLG3). They also markedly differ from cartilage thick-
ness changes in (young) patients observed within 5 years of anterior
cruciate ligament rupture (and repair), inwhom cartilage thickening was
reported. Quadriceps atrophy relative to the contra-lateral kneewas seen
atbaseline, butnosigniﬁcant changewasobservedover timeduring the1-
year follow-up period. These ﬁndings indicate thatmuscle lossmay occur
at some point after PCL injury and/or reconstructive surgery, but may not
represent a continued process. PCL rupture may be a particularly suitable
as amodel of “earlyOA”, because the timepoint atwhich thepathogenetic
process is initiated is precisely known. The model also has the advantage
that relatively large rates ofmedial femorotibial and patellar cartilage loss
are seen over relatively short periods of time, with the opportunity to test
the of therapeutic intervention by preventive medication or other ther-
apeutic measures in an efﬁcient manner.
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KNEE PAIN OUTCOMES IN PERSONS DISCORDANT FOR
RADIOGRAPHIC HIP OA: DATA FROM THE OSTEOARTHRITIS
INITIATIVE
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3.9% 111 27
3.6% 103 37
1.5% 79 +15
1.7% 53 13
3.4% 122 47
2.2% 81 13
